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1
EXHAUST GAS HEAT EXCHANGER

TECHNICAL FIELD

The present invention relates to an exhaust gas heat
exchanger for exchanging heat between exhaust gas and cool-
ing fluid of an internal combustion engine.

BACKGROUND ART

A Patent Document 1 listed below discloses an exhaust gas
heat exchanger for exchanging heat between exhaust gas and
cooling fluid of an internal combustion engine. As shown in
FIG. 20, the exhaust gas heat exchanger 100 disclosed in the
Patent Document 1 includes an outer case 101, plural tubes
110 accommodated in the outer case 101, and a pair of tanks
120 and 121 disposed at both ends of the plural tubes 110.

The outer case 101 is provided with a coolant inlet port 102
and a coolant outlet port 103 for coolant (cooling fluid).
Coolant flow path 104 is formed inside the outer case 101 and
outside the tubes 110. The both ends of the tubes 110 are
opened to insides of the tanks 120 and 121, respectively. An
exhaust gas inlet port 120q is formed at the tank 120 on one
side, and an exhaust gas outlet port 121a is formed at the tank
121 on another side.

The tubes 110 are stacked. As shown in FIG. 21, each ofthe
tubes 110 is formed by two flat members 1104 and 1105. An
exhaust gas flow path 111 is formed within each of the tubes
110. A fin 112 is disposed in the exhaust gas flow path 111.

As shown in FIG. 22, the fin 112 is made by a corrugated
panel having a rectangular outline shape. On each horizontal
wall of the fin 112, plural protruded tabs 113 are cut and raised
atintervals along an exhaust gas flow direction S. Each of the
protruded tabs 113 has a triangle shape, and is protruded so as
to inhibit an exhaust gas flow in the exhaust gas flow path 111.
Namely, the protruded tabs 113 are protruded in a perpen-
dicular direction to the exhaust gas flow direction S, and
inclined against the exhaust gas flow direction S.

The exhaust gas from the internal combustion engine flows
through the exhaust gas flow path 111 in each of the tubes 110.
The coolant flows through the coolant flow path 104 in the
outer case 101. The exhaust gas and the coolant exchange heat
via the tubes 110 and the fin 112. At this heat exchange, the
exhaust gas flow is agitated by the protruded tabs 113 of the
fin 112, and thereby the heat exchange is facilitated.

As shown in FIG. 23, since the exhaust gas cannot flow
straight due to the protruded tab(s) 113, a low pressure area is
generated just downstream of the protruded tab 113. As
shown in FIGS. 24(a) and (b), the exhaust gas that hits the
protruded tab 113 flows over inclined sides 1134 and 1135,
and then flows around behind the protruded tab 113. Since the
protruded tab 113 has a triangle shape, in a first flow flowing
over the inclined side 1134 and a second flow flowing over the
inclined side 1134, flow amounts at upper portions of incli-
nations of the inclined sides 113a and 1135 become large and
flow amounts at lower portions of the inclinations become
small, respectively, due to the inclinations of the inclined
sides 113a and 1135.

These flows having the above flow amount distribution are
drawn into the above-explained low pressure area, and
thereby rotating forces act on the first flow and the second
flow. As a result, as shown in FIGS. 24(a) and (b), the first
flow and the second flow become swirl flows, respectively. In
this manner, the two swirl flows are generated downstream of
the protruded tab 113. Since these swirl flows break laminar
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flows near inner surfaces of the exhaust gas flow path 111 and
thereby agitate the exhaust gas flow, heat exchange efficiency
is improved.

PRIOR ART DOCUMENT
Patent Documents

Patent Document 1: Japanese Patent Application Laid-Open
No. 2010-96456

SUMMARY OF INVENTION

However, in the above-explained exhaust gas heat
exchanger 100, since the protruded tab(s) 113 has a triangle
shape, an area for blocking the exhaust gas flow is small and
thereby pressure of the low pressure area is not made suffi-
ciently low. Therefore, a force drawing the first flow and the
second flow is small, so that only weak swirl flows are gen-
erated. Even in a case where one of the first flow and the
second flow is larger than another and thereby only one swirl
flow is generated, only a weak swirl is generated because the
drawing force is small. Since a weak swirl flow(s) cannot
agitate the exhaust gas flow sufficiently, heat transfer cannot
be facilitated effectively.

An object of the present invention is to provide an exhaust
gas heat exchanger that can improve heat exchange efficiency
by generating a swirl flow that can facilitate heat transfer
effectively.

An aspect of the present invention provides an exhaust gas
heat exchanger for exchanging heat between exhaust gas and
cooling fluid of an internal combustion engine, comprising: a
tube forming an exhaust gas flow path through which the
exhaust gas flows; a fin disposed in the exhaust gas flow path;
and a plurality of protruded tabs protruded from at least one of
the tube and the fin to inhibit an exhaust gas flow, wherein
each of the plurality of protruded tabs has a polygonal shape
more than a quadrilateral shape having at least a bottom side,
one lateral side and another lateral side, and an angle of the
one lateral side to the bottom side is set smaller than an angle
of'the other lateral side to the bottom side and set smaller than
90 degrees, each of the plurality of protruded tabs is inclined
to an upstream side along an exhaust gas flow direction, and,
in each of the plurality of protruded tabs, the bottom side is
placed to intersect with a perpendicular direction to the
exhaust gas flow direction, and the other lateral side is located
upstream from the one lateral side.

According to the aspect, it is possible to generate a large
strong swirl flow by the protruded tabs. The swirl flow breaks
laminar flows near inner surfaces of the exhaust gas flow path
and agitates the exhaust gas flow, so that heat transfer is
facilitated effectively and heat exchange efficiency is
improved.

It is preferable that each of the plurality of protruded tabs
has a trapezoidal shape in which the angle of the other lateral
side to the bottom side is set to 90 degree and the angle of the
one lateral side to the bottom side is set to 60 degrees.

Itis preferable that an inclined angle to an upstream side of
each of the plurality of protruded tabs is set in a range not
smaller than 40 degrees and not larger than 90 degrees (espe-
cially, set to 60 degrees).

It is preferable that a placement angle of each of the plu-
rality of protruded tabs that is an intersecting angle of the
bottom side with the perpendicular direction is set in a range
not smaller than 10 degrees and not larger than 50 degrees
(especially set to 30 degrees).
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It is preferable that each of the plurality of protruded tabs
has a trapezoidal shape, and, when a length of the bottom side
of'each ofthe plurality of protruded tabs viewed in the exhaust
gas flow direction is denoted as H and a height thereof is
denoted as h, h/H is set in a range not smaller than 0.2 and not
larger than 0.7.

It is preferable that the exhaust gas flow path is segmented
into a plurality of segmented flow channels aligned along the
perpendicular direction to the exhaust gas flow direction, and,
the plurality of protruded tabs is disposed at intervals along
the exhaust gas flow direction in each of the plurality of
segmented flow channels.

Here, it is preferable that every two of the plurality of
protruded tabs adjacent side by side are aligned at intervals
along the exhaust gas flow direction, and the two protruded
tabs adjacent side by side have line-symmetrical shapes to
each other with respect to the exhaust gas flow direction.

Alternatively, it is preferable that the plurality of protruded
tabs is aligned alternately on both sides of a center of a
segmented flow channel along the exhaust gas flow direction
in the plurality of segmented flow channels.

Here, it is preferable that the plurality of protruded tabs is
overlapped at the center of the segmented flow channel along
the exhaust gas flow direction.

In addition, it is preferable that the plurality of protruded
tabs is formed on at least two inner surfaces of each of the
plurality of segmented flow channels, and it is further prefer-
able that the two inner surfaces face to each other. Further, it
is preferable that the two inner surfaces are included in the fin,
and back surfaces of the two surfaces are planarly contacted
with inner surfaces of the tube.

In addition, it is preferable that the protruded tabs formed
on one of the two inner surfaces and the protruded tabs
formed on another of the two inner surfaces are disposed
alternately along the exhaust gas flow direction in each of the
segmented flow channels.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 It is a cross-sectional view of an exhaust gas heat
exchanger (EGR cooler) according to a first embodiment.

FIG. 2 It is a perspective view of a tube in the exhaust gas
heat exchanger shown in FIG. 1.

FIG. 3 (a) is a perspective view of a fin in the tube, and (b)
is a partially enlarged front view of the fin.

FIG. 4 It is a perspective view of a protruded tab on the fin.

FIG. 5 (a) is a front view of the protruded tab viewed from
adirection A in FIG. 4, (b) is a plan view of the protruded tab,
and (c¢) is a cross-sectional view taken along a line VC-VC in
FIG. 5().

FIG. 6 (a) is a perspective view showing a first flow and a
second flow flowing over the protruded tab, (b) is a plan view
showing the first flow and the second flow, and (c¢) is a back
view showing a swirl flow generated by the first flow and the
second flow and viewed from its downstream side.

FIG. 7 It is a characteristic diagram showing relationship
between an inclined angle a of the protruded tab and swirl
strength.

FIG. 8 It is a characteristic diagram showing relationship
between a placement angle [ of the protruded tab and the
swirl strength.

FIG. 9 It is a characteristic diagram showing relationship
between an h/H value of the protruded tab and the swirl
strength.

FIG. 10 It is a diagram showing the swirl strengths by an
isosceles trapezoidal protruded tab and a rectangular trap-
ezoidal protruded tab.
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FIG. 11 (a) is a plan view showing an arrangement pattern
in an exhaust gas heat exchanger according to a second
embodiment, and (b) is a plan view showing an arrangement
pattern in an exhaust gas heat exchanger according to a third
embodiment.

FIG. 12 (a) is a plan view showing an arrangement pattern
in an exhaust gas heat exchanger according to a fourth
embodiment, and (b) is a plan view showing an arrangement
pattern in an exhaust gas heat exchanger according to a fifth
embodiment.

FIG. 13 It is a perspective view of a fin in an exhaust gas
heat exchanger according to a sixth embodiment.

FIG. 14 It is an exploded perspective view of the fin.

FIG. 15 (a) is a partially enlarged cross-sectional view of
the fin, (b) is a cross-sectional view taken along a line XVB-
XVB in FIGS. 15(a), and (c) is a partially enlarged cross-
sectional view of a modified example of the fin.

FIG. 16 It is a partially enlarged cross-sectional view of a
tube in an exhaust gas heat exchanger according to a seventh
embodiment.

FIG. 17 It is a perspective view of a fin in an exhaust gas
heat exchanger according to an eighth embodiment.

FIG. 18 It is an exploded perspective view of the fin.

FIG. 19 (a) is a partially enlarged cross-sectional view of
the fin, and () is a cross-sectional view taken along a line
XIXB-XIXB in FIG. 19(a).

FIG. 20 It is a cross-sectional view of a prior-art exhaust
gas heat exchanger.

FIG. 21 It is a perspective view of a tube in the exhaust gas
heat exchanger shown in FIG. 20.

FIG. 22 Tt is a perspective view of a fin in the tube.

FIG. 23 It is a perspective view of a protruded tab(s) on the
fin.

FIG. 24 (a) is a back view of the protruded tab viewed from
adirection B in FIG. 23, (b) is a plan view of the protruded tab,
and (c) is a back view showing swirl flows generated by the
protruded tab and viewed from its downstream side.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments according to the present inven-
tion will be explained with reference to the drawings.

First Embodiment

An exhaust gas heat exchanger according to a first embodi-
ment will be explained with reference to FIG. 1 to FIG. 10.
The exhaust gas heat exchanger in the present embodiment is
an EGR cooler 1 for cooling recirculated exhaust gas in an
EGR (exhaust gas recirculation) device for recirculating
exhaust gas into intake gas in an internal combustion engine.
As shown in FIG. 1, the EGR cooler 1 includes an outer case
2, plural tubes 10 accommodated in the outer case 2, and a
pair of tanks 20 and 21 disposed at both ends of the plural
tubes 10. These components are made of material having
superior heat and corrosion resistance properties (i.e. stain-
less steel). These members are fixed with each other by braz-
ing.

The outer case 2 is provided with a coolant inlet port 3 and
a coolant outlet port 4 for coolant (cooling fluid). Coolant
flow path 5 is formed inside the outer case 2 and outside the
tubes 10. The both ends of the tubes 10 are opened to insides
of'the tanks 20 and 21, respectively. An exhaust gas inlet port
20a is formed at the tank 20 on one side, and an exhaust gas
outlet port 21a is formed at the tank 21 on another side.

The tubes 10 are stacked. As shown in FIG. 2, each of the
tubes 10 is formed by two flat members 10a and 105. An
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exhaust gas flow path 11 is formed within each of the tubes 10,
and the exhaust gas flow path 11 is segmented into plural
segmented flow channels 11a by a fin 12. The plural seg-
mented flow channels 11qa are aligned along a perpendicular
direction to an exhaust gas flow direction S. Each of the
segmented flow channels 114 has plural inner surfaces along
the exhaust gas flow direction S (four inner surfaces including
one inner surface of the tube 10 and three inner surfaces of the
fin 12).

As shown in FIGS. 3(a) and (4), the fin 12 is made by a
corrugated panel having a rectangular outline shape in which
horizontal walls 13 and vertical walls 14 are alternately-
connected. Each of the horizontal walls 13 is appressed to an
inner surface of the tube 10. Each of the vertical walls 14
segments the exhaust gas flow path 11 into the plural seg-
mented flow channels 11a. In each of the segmented flow
channels 11a, plural protruded tabs 15 are cut and raised at
intervals along the exhaust gas flow direction S. Each of the
protruded tabs 15 is protruded so as to inhibit an exhaust gas
flow in the exhaust gas flow path 11. Namely, the protruded
tabs 15 are protruded in a perpendicular direction to the
exhaust gas flow direction S, and inclined against the exhaust
gas flow direction S.

As shown in FIG. 4 and FIG. 5(a)-(c¢), the protruded tab 15
has a trapezoidal shape including a bottom side 16, one lateral
side 17, another lateral side 18 and a top side 19. An angle a
of the one lateral side 17 to the bottom side 16 is set smaller
than an angle b of the other lateral side 18 to the bottom side
16, specifically, set to smaller than 90 degrees. In the present
embodiment, the angle a of the one lateral side 17 is set to 60
degrees, and the angle b of the other lateral side 18 is set to 90
degrees (see F1G. 5(a)). Note that the angles a and b are angles
on a surface of the protruded tab 15.

In addition, the protruded tab 15 is inclined to an upstream
side along the exhaust gas flow direction S so as to have an
angle o (0<a<90° to the horizontal wall 13 of the fin 12 (see
FIG. 5(¢)). In the present embodiment, the inclined angle a. is
set to 60 degrees. Further, the protruded tab 15 is placed so
that the bottom side 16 intersects with a perpendicular direc-
tion to the exhaust gas flow direction S. Namely, the bottom
side 16 is placed so as to have an angle f (0<f<90)° to the
perpendicular direction to the exhaust gas flow direction S
(intersecting angle with the perpendicular direction) (see
FIG. 5(5)). In the present embodiment, the placement angle §
is set to 30 degrees. According to the above-explained place-
ment angle (3, the protruded tab 15 is placed obliquely so that
the other lateral side 18 is located upstream from the one
lateral side 17. The plural protruded tabs 15 aligned along the
exhaust gas flow direction S are arranged so that their angular
orientations are alternately-reversed (see FIG. 3(a) and FIG.
5(b)). In addition, two protruded tabs 15 adjacent side by side
have a mirrored-image relationship with respect to their
shapes. Note that the protruded tab(s) 15 in the present
embodiment has a trapezoidal (quadrilateral) shape, but the
protruded tab(s) may have a polygonal shape more than a
quadrilateral shape.

The exhaust gas from the internal combustion engine flows
through the exhaust gas flow path 11 in each of the tubes 10.
The coolant flows through the coolant flow path 5 in the outer
case 2. The exhaust gas and the coolant exchange heat via the
tubes 10 and the fin 12. At this heat exchange, the exhaust gas
flow is agitated by the protruded tabs 15 on the fin 12, and
thereby the heat exchange is facilitated.

As shown in FIGS. 6(a) and (), since the exhaust gas
flowing through the exhaust gas flow path 11 cannot flow
straight due to the protruded tab(s) 15, a low pressure area is
generated just downstream of the protruded tab 15. Since the
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protruded tab 15 has a trapezoidal shape, an area for blocking
the exhaust gas flow is large. Therefore, the low pressure area
whose pressure is sufficiently low is generated just down-
stream of the protruded tab 15.

In addition, due to the different angles a and h of the lateral
sides 17 and 18 of the protruded tab 15, a flow amount of a first
flow D1 that flows over the one lateral side 17 and the top side
19 nearby the one lateral side 17 and then flows around behind
the protruded tab 15 becomes larger than a flow amount of a
second flow D2 that flows over the other lateral side 18 and the
top side 19 nearby the other lateral side 18 and then flows
around behind the protruded tab 15. As aresult, a flow amount
of'the first flow D1 at an upper portion of the inclination of the
one lateral side 17 becomes larger than a flow amount at a
lower portion of the inclination of the one lateral side 17. Due
to this flow amount distribution, the first flow D1 is drawn
strongly into the low pressure area. As a result, a single large
strong swirl flow (spiral flow) is generated at a downstream of
the protruded tab 15 as shown in FIG. 6(c).

In addition, the protruded tab(s) 15 is inclined by the
inclined angle a to an upstream side along the exhaust gas
flow direction S. Therefore, it can inhibit the exhaust gas flow
more than a case where the protruded tab 15 is inclined to a
downstream side, so that the large strong swirl flow can be
generated. In the case where the protruded tab 15 is inclined
to a downstream side, the exhaust gas flow flows over the top
side 19 while changing its direction smoothly along a surface
of the protruded tab 15 and then flows downstream. On the
other hand, in the case where the protruded tab 15 is inclined
to an upstream side, the exhaust gas flow is inhibited from
flowing downstream, so that it is drawn around behind the
protruded tab 15 as turbulence to generate the swirl flow
effectively.

Further, the protruded tab(s) 15 is arranged obliquely so
that the bottom side 16 has the angle f§ to the perpendicular
direction to the exhaust gas flow direction S and the other
lateral side 18 is located upstream from the one lateral side 17.
Therefore, the first flow D1 flowing over the one lateral side
17 is affected, just after flowing around behind the protruded
tab 15, by a drawing force from the low pressure arca. As a
result, a large strong swirl flow can be generated while flow
resistance is reduced.

As explained above, since the exhaust gas flow is agitated
by the generation of the single large strong swirl flow for
breaking laminar flows near the inner surfaces (the inner
surfaces of the tube 10 and the horizontal walls 13 of the fin
12) of the exhaust gas flow path 11, heat transfer is facilitated
effectively and thereby heat exchange efficiency can be
improved.

The protruded tab (s) 15 in the present embodiment has a
trapezoidal shape in which the angle a of the one lateral side
17 to the bottom side 16 is set to 60 degrees and the angle b of
the other lateral side 18 to the bottom side 16 is set to 90
degrees. Therefore, the protruded tab 15 can be formed to
have a simple shape, so that the protruded tab 15 can be
formed easily by cutting and raising.

The exhaust gas flow path 11 is segmented into the plural
segmented flow channels 114 by the fin 12, and the protruded
tabs 15 are disposed at intervals along the exhaust gas flow
direction S in each of the segmented flow channels 11a.
Therefore, the swirl flow can be formed in each of the seg-
mented flow channels 114, and thereby heat exchange can be
facilitated almost uniformly in every region of the exhaust gas
flow path 11.

The plural protruded tabs 15 disposed along the exhaust
gas flow direction S are arranged so that their angular orien-
tations are alternately-reversed. Therefore, directions of the
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swirl flows generated downstream of the protruded tabs 15
made alternately-reversed, and thereby the exhaust gas flow
can be agitated more effectively and heat exchange efficiency
can be improved further.

A characteristic diagram showing the relationship between
the inclined angle o of the protruded tab 15 and swirl strength
is shown in FIG. 7. Here, a shape of the protruded tabs) 15 is
the above-explained trapezoidal shape, and its placement
angle f is set to 0 degree (perpendicular to the exhaust gas
flow direction S). The swirl strength I, is calculated by a
Formula 1 shown below.

Swirl Strength v=[I ,dx'(x'=x/}) [Formula 1]

The x in the above formula is a coordinate along the
exhaust gas flow direction S with its origin at a placed position
of the protruded tab 15 (position where the swirl is gener-
ated), and the h is a height of the protruded tab 15 (see FIG.
5(c)). 1, is, when the second invariant Q of the velocity gra-
dient tensor of a flow-path cross-section of the exhaust gas
flow is plus, a “value per unit area of Q”.

When a=90°, =0 and the protruded tab has a triangle
shape, the swirl strength I, is 0.8. According to the character-
istic diagram shown in FIG. 7, in the present embodiment, a
stronger swirl flow is generated as long as in a range of
40°=0:<90° than a swirl flow(s) by the triangle protruded tab,
and a=60° is most preferable. When a=60°, a 17%-stronger
swirl flow is generated than a swirl flow(s) by the triangle
protruded tab. From this result, it is understood that, in the
range of 40°=a<90', a stronger swirl can be generated surely
by the effect of the inclined angle a than a swirl flow(s) by the
triangle protruded tab.

A characteristic diagram showing the relationship between
the placement angle f§ of the protruded tab 15 and the swirl
strength is shown in FIG. 8. Here, a shape of the protruded
tab(s) 15 is the above-explained trapezoidal shape, and its
inclined angle a is set to 90 degrees. The swirl strength I,-is
calculated by the above formula.

When a=90°, =0 and the protruded tab has a triangle
shape, the swirl strength 1 ,is 0.8. According to the character-
istic diagram shown in FIG. 8, in the present embodiment, a
stronger swirl flow is generated as long as in a range of
10°<p<50° than a swirl flow(s) by the triangle protruded tab,
and p=30° is most preferable. When p=30", a 13%-stronger
swirl flow is generated than a swirl flow(s) by the triangle
protruded tab. From this result, it is understood that, in the
range of 10°<f<50°, a stronger swirl can be generated surely
by the effect of the placement angle 3 than a swirl flow(s) by
the triangle protruded tab.

A characteristic diagram showing relationship between a
ratio of'the height h (see FIG. 5(c¢)) of the of the protruded tab
15 to the length H (see FI1G. 5(b)) of the bottom side 16 of the
protruded tab 15 and the swirl strength is shown in FIG. 9. A
triangle protruded tab is almost equivalent to a case of (h/H)=
1, so that its swirl strength I, is 0.3. In the present embodi-
ment, a range of 0.2=(h/H)<0.7 is preferable, and a 165%-
stronger swirl flow can be generated in this range than a swirl
flow(s) by the triangle protruded tab.

A histogram showing comparison between the swirl
strength by an isosceles trapezoidal protruded tab in which
the angles a and b of the lateral sides 17 and 18 are equal to
each other and the swirl strength by the rectangular trapezoi-
dal protruded tab 15 in the present embodiment is shown in
FIG. 10. As understood from FIG. 10, the protruded tab 15 in
the present embodiment can generate a stronger swirl flow
due to the above explained generation process of the swirl
flow.
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Second Embodiment

An exhaust heat exchanger according to a second embodi-
ment will be explained with reference to FIG. 11(a). In the
present embodiment, every two protruded tabs 15 are adja-
cent side by side along a perpendicular direction to the
exhaust gas flow direction S in the segmented flow channel
11a. The adjacent two protruded tabs 15 have line-symmetri-
cal shapes to each other with respect to the exhaust gas flow
direction S. In each of the protruded tabs 15, the other lateral
side 18 is located on the center of the segmented flow channel
11a. In addition, each of the protruded tabs 15 is placed
obliquely so that the other lateral side 18 is located upstream
from the one lateral side 17. Since other configurations are
equivalent to those in the first embodiment, their redundant
explanations are omitted.

According to the present embodiment, two swirl flows
having different directions from each other are generated
downstream of the adjacent protruded tabs 15. Therefore, the
two swirl flows don’t weaken each other even when they
become close to each other and affect each other, so that heat
exchange efficiency is improved.

A following configuration may be adopted as a modified
example of the present embodiment. Every two protruded
tabs 15 are adjacent along a perpendicular direction to the
exhaust gas flow direction S in the segmented flow channel
11a. The adjacent protruded tabs 15 have line-symmetrical
shapes to each other with respect to the exhaust gas flow
direction S. However, in each of the protruded tabs 15, the one
lateral side 17 is located on the center of the segmented flow
channel 11a. And, each of the protruded tabs 15 is placed
obliquely so that the other lateral side 18 is located upstream
from the one lateral side 17.

Third Embodiment

An exhaust heat exchanger according to a third embodi-
ment will be explained with reference to FIG. 11 (4). In the
present embodiment, the protruded tabs 15 are aligned alter-
nately on both sides of the center of the segmented flow
channel 11a along the exhaust gas flow direction S in the
segmented flow channel 11a. Each ofthe protruded tabs 15 on
one side of the center of the segmented flow channel 11a and
each of the protruded tabs 15 on another side have line-
symmetrical shapes to each other with respect to the exhaust
gas flow direction S. In each of the protruded tabs 15, the other
lateral side 18 is located on the center of the segmented flow
channel 11a. In addition, each of the protruded tabs 15 is
placed obliquely so that the other lateral side 18 is located
upstream from the one lateral side 17. Since other configura-
tions are equivalent to those in the first embodiment, their
redundant explanations are omitted.

According to the present embodiment, swirl flows having
different directions from each other are generated alternately
along the exhaust gas flow direction S in the segmented flow
channel 11a. Therefore, the exhaust gas flow in the segmented
flow channel 11aq is agitated further, so that heat exchange
efficiency is improved.

A following configuration may be adopted as a modified
example of the present embodiment. The protruded tabs 15
are aligned alternately on both sides of the center of the
segmented flow channel 11a along the exhaust gas flow direc-
tion Sin the segmented flow channel 11a. Each of the pro-
truded tabs 15 on one side of the center of the segmented flow
channel 11a and each of the protruded tabs 15 on another side
have line-symmetrical shapes to each other with respect to the
exhaust gas flow direction S. However, in each of the pro-
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truded tabs 15, the one lateral side 17 is located on the center
of the segmented flow channel 11a. And, each of the pro-
truded tabs 15 is placed obliquely so that the other lateral side
18 is located upstream from the one lateral side 17.

Fourth Embodiment

An exhaust heat exchanger according to a fourth embodi-
ment will be explained with reference to FIG. 12(a). An
arrangement pattern of the protruded tabs 15 in the present
embodiment is similar to that in the above-explained second
embodiment. However, the bottom sides 16 of the two pro-
truded tabs 15 adjacent side by side are contacted with each
other. Since other configurations are equivalent to those in the
first embodiment, their redundant explanations are omitted.

According to the present embodiment, equivalent advan-
tages achieved by the above-explained second embodiment
are achieved. In addition, since a placement width of the
protruded tabs 15 can be narrowed, it is effective for an
arrangement of the protruded tabs 15 in a narrow segmented
flow channel 11a. As a modified example of the present
embodiment, the one lateral side 17 of each of the protruded
tabs 15 may be located on the center of the segmented flow
channel 11q, and each of the protruded tabs 15 is placed
obliquely so that the other lateral side 18 is located upstream
from the one lateral side 17. Further, more than two protruded
tabs may be aligned along the perpendicular direction to the
exhaust gas flow direction S.

Fifth Embodiment

An exhaust heat exchanger according to a fifth embodi-
ment will be explained with reference to FIG. 12 (b). An
arrangement pattern of the protruded tabs 15 in the present
embodiment is similar to that in the above-explained third
embodiment. However, neighboring two protruded tabs 15
along the exhaust gas flow direction S are overlapped at the
center of the segmented flow channel 11a (see L in FIG. 12
(b)). Since other configurations are equivalent to those in the
first embodiment, their redundant explanations are omitted.

According to the present embodiment, equivalent advan-
tages achieved by the above-explained third embodiment are
achieved. In addition, since a placement width of the pro-
truded tabs 15 can be narrowed, it is effective for an arrange-
ment of the protruded tabs 15 in a narrow segmented flow
channel 11a. As a modified example of the present embodi-
ment, the one lateral side 17 of each of the protruded tabs 15
may be located on the center of the segmented flow channel
11a, and each of the protruded tabs 15 is placed obliquely so
that the other lateral side 18 is located upstream from the one
lateral side 17.

Sixth Embodiment

An exhaust heat exchanger according to a sixth embodi-
ment will be explained with reference to FIG. 13 to FIG.
15(c). Each shape of the protruded tabs 15, 15A and 15B in
the present embodiment is identical to that in the above-
explained first embodiment. However, the protruded tabs 15,
15A and 15B are formed on two inner surfaces of plural inner
surfaces (four inner surfaces) of the segmented flow channel
11a. The fin 12 in the present embodiment is configured of a
fin main member 12A that is a corrugated panel having a
rectangular outline shape and in which horizontal walls 13
and vertical walls 14 are alternately-connected, a first plate
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member 12B attached to one side of the fin main member
12A, and a second plate member 12C attached to another side
of the fin main member 12A.

The protruded tabs 15 identical to those in the first embodi-
ment are formed on the fin main member 12A (but angular
orientations of all the protruded tabs 15 are identical). Steps
20 are formed along connection portions with the horizontal
walls 13 and the vertical walls 14. A depth D, of the step(s)
20 is almost identical to a thickness D, of the first plate
member 12B and a thickness D, of the second plate mem-
ber 12C (see FIG. 15(a)). Since other configurations of the fin
main member 12A are equivalent to configurations of the fin
12 in the first embodiment, their redundant explanations are
omitted.

First cutouts 12B1 are formed on the first plate member
12B so as to be associated with upper (in the drawing) hori-
zontal walls 13 of the fin main member 12A. First lids 12B2
facing to lower horizontal walls 13 are formed between the
first cutouts 12B1. On the first 1lid(s) 12B2, plural protruded
tabs 15A are cut and raised at intervals along the exhaust gas
flow direction S. Each of the protruded tabs 15A is protruded
(toward the lower horizontal wall 13) so as to inhibit the
exhaust gas flow in the exhaust gas flow path 11. Since other
configurations of the protruded tab 15A are equivalent to
configurations ofthe protruded tab 15 on the fin main member
12A (i.e. the protruded tab 15 in the first embodiment), their
redundant explanations are omitted.

Second cutouts 12C1 are formed on the second plate mem-
ber 12C so as to be associated with lower (in the drawing)
horizontal walls 13 of the fin main member 12A. Second lids
12C2 facing to upper horizontal walls 13 are formed between
the second cutouts 1201. On the second lid(s) 12C2, plural
protruded tabs 15B are cut and raised at intervals along the
exhaust gas flow direction S. Each of the protruded tabs 15B
is protruded (toward the upper horizontal wall 13) so as to
inhibit the exhaust gas flow in the exhaust gas flow path 11.
Since other configurations of the protruded tab 15B are
equivalent to configurations of the protruded tab 15 on the fin
main member 12A (i.e. the protruded tab 15 in the first
embodiment), their redundant explanations are omitted.

As shown in FIG. 15(a), angular orientations of the pro-
truded tabs 15A and 15B are identical to the angular orienta-
tions of the protruded tabs 15 on the fin main member 12A. In
addition, as shown in FIG. 15(b), the protruded tabs 15A and
15B and the protruded tabs 15 on the fin main member 12A
are disposed at identical locations along the exhaust gas flow
direction S.

According to the present embodiment, the protruded tabs
15, 15A and 15B are formed on the two inner surfaces facing
to each other (on the lower horizontal walls 13 and the first
lids 12B2, and on the upper horizontal walls 13 and the
second lids 12C2) among the plural inner surfaces of the
exhaust gas flow path 11. Further, back surfaces of the two
inner surfaces facing to each other on which the protruded
tabs 15, 15A and 15B are formed are planarly contacted with
the inner surfaces of the tube 10. Therefore, the exhaust gas
flow is agitated by the generation of the swirl flow for break-
ing laminar flows near the inner surfaces of the horizontal
walls 13, the first lids 12B2 and the second lids 12C2 that are
planarly contacted with the tube 10, so that heat transfer is
facilitated effectively and thereby heat exchange efficiency
can be improved further.

Inaddition, the first plate member 12B and the second plate
member 12C are formed as a single member, respectively, in
the present embodiment. Therefore, compared with a case
where the first lids 12B2 and the second lids 12C2 are pre-
pared for each of the segmented flow channels 11a one by



US 9,103,250 B2

11

one, workability for attaching the first plate member 12B and
the second plate member 12C to the fin main member 12A
becomes superior.

Further, the depth D, of the step(s) 20 is almost identical
to the thickness D,z of the first plate member 12B and the
thickness D, . of the second plate member 12C in the present
embodiment. Therefore, outer surfaces of the fin 12 becomes
flat after the first plate member 12B and the second plate
member 12C are attached to the fin main member 12A, so that
the fin 12 can be disposed in the exhaust gas flow path 11
efficiently. In addition, heat transfer can be facilitated by
increasing contact areas between the fin 12 and the tube 10.

Furthermore, the angular orientations of the protruded tabs
15A and 15B are made identical to the angular orientations of
the protruded tabs 15 in the present embodiment. Therefore,
swirl flows generated by the protruded tabs 15, 15A and 15B
swirl in an identical direction, so that heat exchange effi-
ciency can be improved further.

A modified example of the present embodiment is shown in
FIG. 15(¢). In this modified example, the angular orientations
of the protruded tabs 15A and 155 are made reversed to the
angular orientations of the protruded tabs 15 on the fin main
member 12.

Note that it is not necessarily that the protruded tabs 15A
and 155 and the protruded tabs 15 on the fin main member
12A are disposed at identical locations along the exhaust gas
flow direction S, and the protruded tabs 15A and 15B and the
protruded tabs 15 may be disposed alternately. In addition, it
is not necessarily that the protruded tabs 15A and 15B have
configurations identical to configurations of the protruded
tabs 15 in the first embodiment, and the protruded tabs 15A
and 15B may have configurations identical to configurations
of the protruded tabs 15 in the second to fifth embodiments.
Further, the protruded tabs 15, 15A and 15B are disposed on
the two inner surfaces of the segmented flow channel 11a, but
may be disposed on more than two surfaces (i.e. three or four
inner surfaces).

Seventh Embodiment

An exhaust heat exchanger according to a seventh embodi-
ment is shown in FIG. 16. The protruded tabs 15, 15A and
15B in the present embodiment are formed on two inner
surfaces among plural inner surfaces (four surfaces) of the
segmented flow channel 11a similarly to the above-explained
sixth embodiment. In the present embodiment, the protruded
tab 15 are disposed on the fin 12 (fin main member 12A), but
the protruded tabs 15A and 15B facing to the protruded tabs
15 on the fin 12 are disposed on the tube 10. In detail, the tube
10 is configured of two layers, an inner layer 10in and an outer
layer 10out, and the protruded tabs 15A and 15B are disposed
on the inner layer 10 in. Since other configurations of the
protruded tabs 15, 15A and 15B are equivalent to configura-
tions of the protruded tabs 15, 15A and 15B in the sixth
embodiment, their redundant explanations are omitted.

According to the present embodiment, equivalent advan-
tages achieved by the above-explained sixth embodiment are
achieved. In addition, the protruded tabs 15A and 15B can be
disposed on the tube 10 by making the tube 10 as the two-
layer structure. Therefore, a particular member for providing
the protruded tabs 15A and 15B is not necessary. Note that, in
addition to the protruded tabs 15A and 15B, the protruded
tabs 15 may be disposed on the inner layer 10 in of the tube 10.

Eighth Embodiment

An exhaust heat exchanger according to an eighth embodi-
ment is shown in FIG. 17 to FIG. 19 (b). The protruded tabs 15
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and 15C in the present embodiment are formed on two inner
surfaces among plural inner surfaces (four surfaces) forming
the segmented flow channel 11a similarly to the above-ex-
plained sixth and seventh embodiments. The fin 12 in the
present embodiment is configured of a fin main member 12A
that is a corrugated panel having a rectangular outline shape
and in which horizontal walls 13 and vertical walls 14 are
alternately-connected, and vertical plate members 12D adja-
cently contacted with the vertical walls 14.

Plural protruded tabs 15 are cut and raised at intervals
along the exhaust gas flow direction S on the vertical walls 14
of the fin main member 12A (see FIG. 19(a)). Since other
configurations of the protruded tab 15 are equivalent to con-
figurations of the protruded tab 15 in the first embodiment,
their redundant explanations are omitted.

The vertical plate member(s) 12D is planarly contacted and
fixed with the vertical wall 14 by soldering, welding (e.g. spot
welding), an engagement structure (e.g. an engagement pawl
and an engagement hole) or the like. Also on the vertical plate
member 12D, plural protruded tabs 15C are cut and raised at
intervals along the exhaust gas flow direction S. As shown in
FIG. 19(5), the protruded tabs 15D on each of the vertical
plate member 12D and the protruded tabs 15 on the vertical
wall 14 (the fin main member 12A) to which the vertical plate
member 12D is attached are arranged alternately along the
exhaust gas flow direction S, and the angular orientations of
the protruded tabs 15C are made reversed to the angular
orientations of the protruded tabs 15.

Note that, since the protruded tabs 15 are disposed along
the exhaust gas flow direction S identically on the neighbor-
ing vertical walls 14, the protruded tabs 15C on each of the
vertical plate member 12D and the protruded tabs 15 are
arranged alternately along the exhaust gas flow direction S in
the segmented flow channel 11a (the angular orientations of
the protruded tabs 15C are made reversed to the angular
orientations of the protruded tabs 15 in that segmented flow
channel 11a). Since other configurations of the protruded tabs
15C are equivalent to configurations of the protruded tabs 15,
15A and 15B in the sixth and seventh embodiments, their
redundant explanations are omitted.

According to the present embodiment, equivalent advan-
tages achieved by the above-explained sixth and seventh
embodiments are achieved. In addition, openings 12D1 (see
FIG. 18) formed on the vertical plate member 12D by cutting
and raising the protruded tabs 15C are closed by the vertical
wall 14 of the fin main member 12A, and openings 12A1 (see
FIG. 18) formed on the fin main member 12A by cutting and
raising the protruded tabs 15 are closed by the vertical plate
member 12D. Therefore, the swirl flows generated by the
protruded tabs 15 and 15C don’t pass through the openings
12A1 and 12D1, so that heat exchange efficiency can be
improved further.

Note that the angular orientations of the protruded tabs 15C
on the vertical plate member 12D may be made identical to
the angular orientations of the protruded tabs 15 on the fin
main member 12A. In addition, it is not necessary that the
protruded tabs 15C and the protruded tab 15 may not be
disposed alternately along the exhaust gas flow direction S,
and the protruded tabs 15C and the protruded tab 15 may be
disposed at identical locations along the exhaust gas flow
direction S as long as the openings 12A1 and 12D1 are closed.

The present invention is not limited to the above-explained
embodiments. For example, the protruded tab(s) 15 in the
above-explained embodiments has a perpendicular trapezoi-
dal shape with the angle a of the one lateral side 17=60° and
the angle b of the other lateral side 18=90°. However, the
protruded tab 15 may have a trapezoidal shape other than the
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above-explained trapezoidal shape, a quadrilateral shape
other than a trapezoidal shape, or a polygonal shape more
than a quadrilateral shape. Namely, it is sufficient that the
protruded tab 15 has a polygonal shape more than a triangle
shape having at least the bottom side 16 and the lateral sides
17 and 18, and that the angle a of the one lateral side to the
bottom side 16 is set smaller than the angle b of the other
lateral side 18 to the bottom side 16 and set smaller than 90
degrees. In other words, the angle b of the other lateral side 18
may be set to an angle smaller than 90 degrees or larger than
90 degrees as long as it is set larger than the angle a.

Further, it is preferable that the angle a of the one lateral
side 17 has a large difference from the angle b of the other
lateral side 18. Namely, when the protruded tab(s) 15 is
formed with such a large difference, a flow amount of the first
flow D1 on a side of the above-explained one lateral side 17
becomes larger than a flow amount of the second flow D2 on
a side of the other lateral side 18. In addition, a flow amount
of'the first flow D1 at an upper portion of the inclination of the
one lateral side 17 becomes larger than a flow amount of the
first flow D1 at a lower portion of the inclination of the one
lateral side 17. The first flow D1 is drawn strongly into the low
pressure area due to this flow amount distribution, and
thereby a single large stronger swirl flow can be generated.

Furthermore, the lateral side 17 or 18, or the top side 19 is
not only straight, but also curved. Note that, when the one
lateral side 17 is composed of plural straight lines (e.g. an
end-side portion and a bottom-side portion), the angle a of the
one lateral side 17 to the bottom side 16 means an angle of the
end-side portion to the bottom side 16. Here, a portion of the
one lateral side 17 close to the bottom side 16 is the bottom-
side portion, and a portion of the one lateral side 17 far from
the bottom side 16 is the end-side portion. This is because the
end-side portion affects the above-explained first flow D1
more significantly than the bottom-side portion. Also when
the one lateral side 17 is composed of a curved line, the angle
a of the one lateral side 17 to the bottom side 16 means an
angle of the end-side portion to the bottom side 16.

In the above-explained embodiments, each of the seg-
mented flow channel 11a has four inner surfaces composed of
one inner surface of the tube 10 and three inner surfaces of the
fin 12, and has a rectangular cross-sectional shape. However,
each cross-sectional shape of the segmented flow channel 11a
may have a shape other than a rectangular shape (a polygonal
shape such as a triangle shape, or a shape having a curved
wall). In addition, the protruded tab(s) 15 is formed by cutting
and raising, but may be formed by other methods (welding or
the like). Note that holes formed on the horizontal walls 13 by
cutting and raising the protruded tabs 15 are not shown in
FIG. 4, FIG. 6, FIGS. 11(a) and (), and FIGS. 12(a) and ().

In addition, in the above-explained embodiments, the
exhaust gas heat exchanger is applied to the EGR cooler 1.
However, the exhaust gas heat exchanger may be applied to
all that exchange heat between exhaust gas and cooling fluid
in an internal combustion engine. For example, the exhaust
gas heat exchanger can be applied to an exhaust heat recovery
equipment in an air conditioner.

The invention claimed is:

1. An exhaust gas heat exchanger for exchanging heat
between exhaust gas and cooling fluid of an internal combus-
tion engine, comprising:

atube forming an exhaust gas flow path through which the

exhaust gas flows;

a fin disposed in the exhaust gas flow path; and

aplurality of protruded tabs protruded from at least one of

the tube and the fin to inhibit an exhaust gas flow,
wherein
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each of the plurality of protruded tabs has a polygonal
shape with at least four sides having at least a bottom
side, one lateral side and another lateral side, and an
angle of the one lateral side to the bottom side is set
smaller than an angle of the other lateral side to the
bottom side and set smaller than 90 degrees,
each of the plurality of protruded tabs is inclined to an
upstream side along an exhaust gas flow direction, and,
in each of'the plurality of protruded tabs, the bottom side is
placed to intersect with a perpendicular direction to the
exhaust gas flow direction, and the other lateral side is
located upstream from the one lateral side.
2. The exhaust gas heat exchanger according to claim 1,
wherein
each of the plurality of protruded tabs has a trapezoidal
shape in which the angle of the other lateral side to the
bottom side is set to 90 degree and the angle of the one
lateral side to the bottom side is set to 60 degrees.
3. The exhaust gas heat exchanger according to claim 1,
wherein
an inclined angle to an upstream side of each of the plural-
ity of protruded tabs is set in a range not smaller than 40
degrees and not larger than 90 degrees.
4. The exhaust gas heat exchanger according to claim 3,
wherein
the inclined angle is set to 60 degrees.
5. The exhaust gas heat exchanger according to claim 1,
wherein
aplacement angle of each of the plurality of protruded tabs
is set in a range not smaller than 10 degrees and not
larger than 50 degrees, the placement angle being an
intersecting angle of the bottom side with the perpen-
dicular direction.
6. The exhaust gas heat exchanger according to claim 5,
wherein
the placement angle is set to 30 degrees.
7. The exhaust gas heat exchanger according to claim 1,
wherein
each of the plurality of protruded tabs has a trapezoidal
shape, and,
when a length of the bottom side of each of the plurality of
protruded tabs viewed in the exhaust gas flow direction
is denoted as H and a height thereof is denoted as h, h/H
is set in a range not smaller than 0.2 and not larger than
0.7.
8. The exhaust gas heat exchanger according to claim 1,
wherein
the exhaust gas flow path is segmented into a plurality of
segmented flow channels aligned along the perpendicu-
lar direction to the exhaust gas flow direction, and,
the plurality of protruded tabs is disposed at intervals along
the exhaust gas flow direction in each of the plurality of
segmented flow channels.
9. The exhaust gas heat exchanger according to claim 8,
wherein
every two ofthe plurality of protruded tabs adjacent side by
side are aligned at intervals along the exhaust gas flow
direction, and the two protruded tabs adjacent side by
side has line-symmetrical shapes to each other with
respect to the exhaust gas flow direction.
10. The exhaust gas heat exchanger according to claim 8,
wherein
the plurality of protruded tabs is aligned alternately on both
sides of a center of a segmented flow channel along the
exhaust gas flow direction in the plurality of segmented
flow channels.
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11. The exhaust gas heat exchanger according to claim 10,
wherein
the plurality of protruded tabs is overlapped at the center of
the segmented flow channel along the exhaust gas flow
direction.
12. The exhaust gas heat exchanger according to claim 8,
wherein
the plurality of protruded tabs is formed on at least two
inner surfaces of each of the plurality of segmented flow
channels.
13. The exhaust gas heat exchanger according to claim 12,
wherein
the at least two inner surfaces face to each other.
14. The exhaust gas heat exchanger according to claim 13,
wherein
the at least two inner surfaces are included in the fin, and
back surfaces of the at least two inner surfaces are planarly
contacted with inner surfaces of the tube.
15. The exhaust gas heat exchanger according to claim 12,
wherein
the protruded tabs formed on one of the at least two inner
surfaces and the protruded tabs formed on another of the
at least two inner surfaces are disposed alternately along
the exhaust gas flow direction in each of the segmented
flow channels.
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